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Let’s not forget the thinkers
R.C. Andrew Thompson
Q1
and Alan J. Lymbery
School of Veterinary and Life Sciences, Murdoch University, Murdoch WA, Australia
As ‘omics’ technologies become more accessible, enor-
mous quantities of data are being generated about the
genomes, proteomes, metabolomes, etc. of an increas-
ing number of parasites. We therefore need to think very
carefully about how these resources will contribute to
our basic understanding of parasitism, and beyond the
‘knee-jerk’ outcomes of new vaccines and therapeutics.
The lasting legacy of the ‘omics’ era may lie in addres-
sing the fundamental biological hypotheses generated
by parasitologists 40–50 years ago when direct observa-
tional studies were a feature of parasitological research.
We illustrate this with reference to the cestode parasite
Echinococcus and the far-reaching questions posed by
Desmond Smyth.
‘Omics’ data resources
As technology improves it is becoming easier and cheaper
to sequence the complete genomes of biological organisms,
and these appear with increasing frequency in the litera-
ture. This is certainly the case with parasitic organisms,
particularly those of public health and veterinary signifi-
cance, and the past few years have seen enormous
advances in whole-genome sequencing, proteomic, and
other ‘omic’ studies of protozoan and helminth parasites
(e.g., [1–6]). These studies provide powerful resources, but
we are concerned that the focus of their application is often
too narrow. The drivers of this research are reiterated
constantly as being the provision of data that can be
exploited for identifying novel drug targets and vaccine
candidates. However, are more fundamental issues and
questions being overlooked? These are likely to be more
far-reaching in terms of understanding developmental
biology and host–parasite relationships, and thus will have
greater impact in the long term on the development of
‘novel’ control strategies.
Utilizing ‘omics’ data
Such fundamental questions were often developed when
parasitologists, and other scientists, had time to think, and
their research funding was not driven by the current
narrowed vision of granting bodies. Seminal thinkers such
as Desmond Smyth must be turning in their graves!
The recent article by Tsai et al. [6] is an excellent
example, in which the genomes of four disparate tape-
worms are described and the main emphasis given to
new drug targets as an outcome. There will always be a
need for new treatments to combat tapeworm infections,
and the search for new drug targets is important, but not
an urgent priority; there are effective treatments for adult
tapeworms and, although these are less effective against
larval stages, drug treatment is not necessarily a viable
option in this case. Of much more importance, we believe, is
the light that comparative genomic and proteomic studies
may shed on tapeworm development. From genome anno-
tation, Tsai et al. [6] were able to make some interesting,
although rather obvious, phylogenetic correlations of ge-
nomic and life history traits, such as a reduction in meta-
bolic capacity and an increased ability to absorb nutrients
associated with a parasitic lifestyle. Tantalizingly, the
authors also refer to specialization, particularly regarding
stem cells and tapeworm plasticity. This is a line of enquiry
deserving much more study. It was originally discussed in
the context of ‘heterogeneous morphogenesis’ in Echino-
coccus and new model systems by Smyth and colleagues in
1966 in Nature [7], and subsequently developed in a semi-
nal paper on tapeworms as biological models in 1969 [8] in
which tapeworm adaptations are discussed in depth.
Echinococcus as a model system
With respect to tapeworms, the situation is compounded by
the fact that the original research on in vitro culture of
Echinococcus and other tapeworms and their stem cells is
not referred to in the recent literature on in vitro culture.
As a consequence, fundamental questions and hypotheses,
for which we at last have the appropriate technologies to
address, are being overlooked.
For example, we already knew in the 1960s that tape-
worms such as Echinococcus have tremendous develop-
mental plasticity [8]. This is not a new observation, but
with the sequence data we are now better placed to
identify the mechanisms involved. Similarly, ‘omics’ data
may provide the answers to questions of what governs
host specificity [e.g., Echinococcus granulosus (broad
range of intermediate hosts including humans) versus
Echinococcus equinus (only equine intermediate hosts,
not zoonotic); E. granulosus versus Echinococcus multi-
locularis (rodent intermediate hosts)] and molecular ac-
tivities at the parasite–host interface, for example, the
nature and function of rostellar gland nuclear secretions
[9]. Unless we ‘ rediscover’ the fundamental issues as laid
down by earlier workers we may miss clues to guide data
mining and thus short-circuit the search for truly novel
control mechanisms.
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Desmond Smyth pioneered in vitro cultivation techni-
ques to support the development of the taeniid cestode
Echinococcus in the laboratory. His detailed observations
of the stages of development of Echinococcus induced
in vitro and their inherent plasticity generated a wealth
of information about developmental and physiological pro-
cesses in cestodes and other parasites (Box 1).Q2 Most impor-
tantly, they provided the basis for generating a series of
thought-provoking, seminal publications that raised nu-
merous questions and hypotheses, most of which are not
available online [10–21]. At the time, Smyth’s work
challenged views on the simplicity of cytodifferentiation
in platyhelminths. He also proposed that the Echinococcus
in vitro system could be a model for both invertebrate and
vertebrate studies, and this has still to be fully appreciated
and exploited. This is especially timely given the recent
rise of the field of evolutionary developmental biology,
which is based to a large extent around the study of a
limited number of model organisms [22]. Comparative
evolutionary studies of development and cell differentia-
tion in flatworms may yield great rewards. For example,
the multipotential, stem cell-like nature of the postulated
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Figure 1. Control of differentiation in Echinococcus. Hypothetical control circuit, based on the Jacob–Monod model of gene action, for differentiation of Echinococcus
granulosus into cystic (larval) or strobilar (adult) forms; much simplified, ‘feedback’ control omitted (see Figure 2). L1–3, A1–3, larval and adult structural genes. Redrawn from
Smyth (1969) [8].
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germinal cells of Echinococcus, which form part of the
parasite’s ill-defined, syncytial ‘germinal layer’ in the
metacestode and neck region of the adult [23,24] (reviewed
in [25]), has only recently attracted the attention it
deserves, but Smyth is rarely cited (e.g., [26]).
Smyth was a lateral thinker and developed hypothetical
models for how genes regulate differentiation and develop-
mental shifts in Echinococcus based on the Jacob–Monod
model of gene action (Figure 1) [7]. He went further, and
based on his observations in tapeworms, developed a hypo-
thetical ‘control circuit’ appropriate to the life cycles of
parasites in general, again based on the Jacob–Monod model
of gene action (Figure 2). Such models should complement
the search for valuable targets that can compromise parasite
development from the ‘omics’ data now available.
The future
Francois Jacob died earlier this year, and in an obituary,
Michel Morange [27] said ‘His death marks the end of a
golden age of biology, in which members of a relatively
small international community were free to pursue what-
ever question they wanted, with the possibility that they
would make huge strides in discovery’. Desmond Smyth
was only one parasitologist of his era who did likewise,
and therefore let us not forget and build on his, and that of
his colleagues , forward thinking. Those of us who have
been mentored by and/or worked with seminal thinkers
such as Desmond Smyth have an obligation to remind the
parasitological community of their contributions as new
technologies provide the vehicle for their hypotheses to be
tested.
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Figure 2. Regulatory factors in parasite life cycles. A hypothetical control circuit appropriate to the life cycles of parasites in general; based on the Jacob–Monod model of
gene action. Abbreviations: OG, operator gene; RG, regulator gene; SG, structural gene. Redrawn from Smyth (1969) [8].
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Box 1. Echinococcus: impact of in vitro cultivation studies
Species of Echinococcus are taeniid cestodes with a two-host life
cycle, comprising the adult sexual stage in the small intestine of a
carnivore definitive host and a larval cystic stage in the tissues of a
herbivore or omnivore intermediate host. The cyst supports the
development of protoscoleces, which if ingested by the correct
definitive host will develop into the adult tapeworm.
Studies on the in vitro cultivation of the different stages in the life
cycle have demonstrated:
 The conditions that will support growth and development of the
larval and adult stages in vitro.
 The importance of a contact stimulus for adult development – this
led to the discovery of a rostellar gland in the adult cestode.
 Pronounced developmental plasticity of Echinococcus considered
unique in metazoans; for example, larval protoscolex has the
potential to develop into another larval cyst or an adult tapeworm,
and under adverse conditions adult worms can become cystic.
 The influence of environmental factors in governing the direction of
development.
 A complex, sophisticated process of cytodifferentiation.
 Bile as a determinant governing host specificity in the definitive host.
 The parasite origin of the unique laminated layer that characterizes
the larval ‘hydatid’ cyst.
 Radical shifts in our understanding of host specificity based on
comparative studies of Echinococcus from different hosts. Laid the
foundation for a better understanding of the epidemiology of
Echinococcus infections and supported a complete revision of the
taxonomy of Echinococcus reflecting the observations and nomen-
clature of early taxonomists.
 Proposed the multipotential stem cell-like nature of germinal cells
in species of Echinococcus.
 A unique degree of heterogeneous morphogenesis making Echi-
nococcus spp. excellent models for differentiation studies in
invertebrates and vertebrates.
Resulting questions now waiting to be addressed:
 What are the fundamental metabolic changes that take place in the
transition from protoscolex to adult worm?
 How does the environment affect the parasite and what are the
shifts in metabolism which occur between different hosts?
 Is it possible to identify the environmental cues/switches that
regulate development, and could these be potential targets for
chemotherapeutic attack?
 Why will a particular species of Echinococcus develop in one host
and not another?
 What factors govern infectivity to humans?
 Can knowledge of the molecular basis of host susceptibility be used
as a novel control strategy?
 What is the nature and functional significance of the rostellar gland
secretions?
 What molecular interactions occur at the definitive host–parasite
interface?
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